Non-inferiority in the cumulative castration rate of the 3-month formulation of degarelix compared with the 3-month formulation of goserelin was evaluated in subjects with prostate cancer. A phase III, open-label, parallel-arm study was carried
primary systemic therapy in advanced disease or as neoadjuvant/ concomitant/adjuvant therapy in combination with radiation in localized or locally advanced prostate cancers.
2 For prognosis, a castrate level of serum testosterone of <0.5 ng/mL is recommended. 2, 3 International guidelines recommend the use of GnRH agonists or GnRH antagonists as possible alternatives for ADT. 2, 4 However, GnRH agonists have been shown to associate with an initial testosterone surge which, in advanced disease, can produce a flare in symptoms and metastatic manifestations. 5 The European Association of Urology guidelines recommend concomitant anti-androgens such as bicalutamide for selected patients in the initial 2 weeks of GnRH agonist therapy to mitigate flare effects. 4 Degarelix, a GnRH antagonist newly developed by Ferring Pharmaceuticals, has been developed to achieve effective long-term medical castration without the risk of testosterone surge and its associated flare. [6] [7] [8] After s.c. administration, degarelix immediately forms a gel depot at the injection site, leading to sustained release of the drug into the circulation. The once-monthly formulation of degarelix has been approved in the USA (2008), Europe (2009), and Japan (2012). Previous phase III studies showed degarelix was superior to leuprolide, a GnRH agonist, in the control of PSA and alkaline phosphatase in patients with prostate cancer. 9, 10 In 2015, a postmarketing surveillance of Japanese patients with prostate cancer showed component ratios of patients treated with degarelix were 29.6% in localized cancer, 17.2% in locally advanced cancer, and 52.5% in metastatic cancer, indicating degarelix is increasingly used in advanced cases. The cumulative probability of a serum testosterone level of ≤0.5 ng/mL was 88.3% and 97.2% in the 360 mg and 480 mg groups, respectively. Both 3-month dosing regimens were well tolerated and the optimal clinical dosage for phase III trials was determined to be 480 mg. 12 These findings were comparable to those from the Japanese phase II study of the 1-month regimen of degarelix. Following these clinical trials, a phase III study for the 3-month formulation of degarelix was carried out in Japanese subjects with prostate cancer with an aim to evaluate non-inferiority in the cumulative castration rate of the 3-month formulation of degarelix compared with the 3-month formulation of goserelin, a GnRH agonist.
| MATERIALS AND METHODS

| Study design
An open-label, parallel-arm study comparing the 3-month formulation of degarelix with the 3-month formulation of goserelin was carried out in prostate cancer subjects with coverage across 46 sites in Japan. This study consisted of two parts ( Figure 1 ). The primary endpoint for part 1 was the cumulative castration rate based on testosterone levels from 4 to 52 weeks after treatment. In part 1, eligible patients were randomized to either the degarelix or the goserelin group, and non-inferiority based on the cumulative castration rate, proportion of subjects with castration, chronological changes in serum testosterone, LH, FSH, and PSA, and safety were evaluated.
In part 2, the long-term safety of the maintenance dose of degarelix treatment was assessed in subjects who had completed study part 1 in the degarelix group. This report is based on data as of the cut-off date of December 25, 2015. 
| Subjects
The target number of subjects was set to be 230 in total (115 per group). Subjects who met the following inclusion criteria were enrolled: histopathological diagnosis of prostate cancer, judged to be in need of ADT, serum testosterone >2.2 ng/mL, an ECOG tamide in the goserelin group from day 0 up to day 14 was allowed in subjects with renal dysfunction, cord compression or urinary obstruction or in subjects having the possibility of these problems.
| End-points
The primary end-point was the cumulative castration rate of degarelix compared to goserelin. The non-inferiority comparison was based on the cumulative castration rate from day 28 to day 364. Castration was defined as a decreased serum testosterone level to ≤0.5 ng/ mL. 4 The cumulative castration rate was calculated using the Kaplan-Meier method and the 95% CI was estimated using the Greenwood Formula. The non-inferiority margin was set to be 10%
and non-inferiority was defined as the lower limit of 95% CI of the difference in the cumulative castration rate between degarelix and goserelin exceeding À10%. Secondary end-points were as follows:
(i) proportion of subjects with castration from day 28 to day 364;
(ii) proportion of subjects with castration at day 3, 7, and 28;
(iii) chronological changes in serum testosterone, LH, FSH, and PSA;
and (iv) proportion of subjects with serum PSA relapse. Levels of serum testosterone, serum PSA, serum LH, and serum FSH were measured by SRL (Tokyo, Japan) in accordance with Good Laboratory Practice. Serum testosterone levels were measured by a centralized measurement using a validated method for low-range detection of testosterone levels.
| Safety
For the safety analysis, the incidence of AEs, SAEs, and ADRs were collected and graded according to Common Terminology Criteria for Adverse Events version 4.0.
| Statistics
The target sample size for part 1 of the study was calculated to be 230 subjects (115 per group) after consideration of the following conditions: an estimated cumulative castration rate of 95% based on serum testosterone levels from day 28 to day 364 for both groups, a 10% non-inferiority margin, a 15% discontinuation rate, a confidence coefficient of 0.95, and 90% power. The non-inferiority margin of 10% was based on the phase III study of a 1-month regimen of degarelix, 8 deemed reasonable from a clinical perspective.
The FAS was defined as all subjects who were diagnosed with prostate cancer, received at least one dose of the study drug, and had post-dose data of at least one efficacy variable (either primary or secondary). The C-FAS was defined as subjects who had completed the study until day 364 or had serum testosterone ≥0.5 ng/ mL during the period from day 28 to day 364. The SAF was defined as all subjects who had received the study drug.
Midway through the study, the possibility of a "no event" (no cases with serum testosterone levels >0.5 ng/mL) occurrence in the goserelin group during part 1 became evident. As there is no appropriate method to calculate the CI of cumulative castration rates for a no event factor, verification of non-inferiority using a proportion of the subjects with castration was considered. Unlike in the case using the cumulative castration rate, there are practical methods to calculate the CI of the proportion of castration subjects. Considering the verification of the robustness of the result, a 95% CI of the difference in the proportion of the subjects with castration from day 28 to day 364 between the two groups was carried out for the FAS using 13 different methods 13 and non-inferiority was evaluated with respect to each method.
The AEs and ADRs were categorized according to the Preferred
Terms of the MedDRA and their frequency tabulated.
3 | RESULTS
| Subject disposition
Two hundred and thirty-four subjects were randomly allocated to the degarelix group (n = 117) or the goserelin group (n = 117; Figure 2 ). Nineteen subjects in the degarelix group and 23 subjects in goserelin group withdrew from part 1 of the study. The most common reason for discontinuation was an AE (n = 8) in the degarelix group and progressive disease (n = 10) in the goserelin group.
Ninety-eight subjects in the degarelix group and 94 subjects in the goserelin group completed part 1. Eighty subjects in the degarelix group were enrolled in part 2, 65 subjects of which continued until the data cut-off date of December 25, 2015. The FAS and SAF in part 1 consisted of 117 subjects from each group. The C-FAS in part 1 was comprised of 100 subjects in the degarelix group and 94 subjects in the goserelin group. The SAF in part 2 consisted of 80 subjects.
The mean duration of exposure (SD) at the cut-off date including part 1 and 2 studies was 597. 8 (196.8) in the degarelix group. Bicalutamide as flare protection was concomitantly given to 34 patients (29.1%) in the goserelin group.
| Subjects characteristics
The mean age was 75.5 years in the degarelix group and 75.9 years in the goserelin group (Table 1) . Nine (7.7%) subjects in the degarelix group and 12 (10.3%) subjects in the goserelin group had received pretreatments. For the degarelix group, pretreatments included watchful waiting (n = 5), radiation (n = 3), total prostatectomy (n = 2), and neoadjuvant/adjuvant therapies (n = 1). For the goserelin group, pretreatments included watchful waiting (n = 9), radiation (n = 3), and total prostatectomy (n = 1). Sixty-two (53.0%) subjects in each group were classified as having localized cancer. Mean serum testosterone levels were 4.98 ng/mL in the degarelix group and 4.94 ng/mL in the goserelin group. Mean serum PSA levels were 66.04 ng/mL in the degarelix group and 61.08 g/mL in the goserelin group. No apparent differences between groups were found for age, rate of pretreatment, cancer stage, serum testosterone, or PSA level.
| Primary end-point
Cumulative castration rates from day 28 to day 364 in the FAS were 95.1% and 100.0% in the degarelix group and the goserelin group, respectively ( Figure 3) . The difference in the castration rate between groups was estimated to be À4.9%. Additional analyses using the proportion of subjects with castration from day 28 to day 364
showed that the lower limit of 95% CI of the difference between groups exceeded À10% of the predefined non-inferiority margin in 11 out of 13 methods (Table 2) . After an evaluation of the accuracy for each calculation method considering coverage probability, we concluded that the results indicated the non-inferiority of the 3-month formulation of degarelix to goserelin.
| Secondary end-points
The proportion of subjects with castration from day 28 to day 364 in the C-FAS was 95.0% in the degarelix group and 100.0% in the goserelin group. For the FAS in the degarelix group, the proportion F I G U R E 2 Flow diagram for study participants, consisting of Japanese prostate cancer patients treated with degarelix or goserelin
of subjects with castration were 99.1% at day 3, 100.0% at day 7, and 100.0% at day 28 (Table 3 ). In the goserelin group, the proportion of subjects with castration were 0% at day 3, 0% at day 7, and 100.0% at day 28. Figure 4 shows the changes in median serum testosterone, LH, FSH, and PSA rate of change in the FAS. In the degarelix group, median serum testosterone level decreased to a castration level of ≤0.5 ng/mL at day 3 and ranged under 0.2 ng/mL from day 7 to day 364 ( Figure 4A ). In the goserelin group, serum testosterone rapidly increased by 52.74% at day 3 and then decreased to a castration level at day 28 and remained at <0.2 ng/ mL from day 28 to day 364. In the degarelix group, median serum LH levels had decreased by 92.5% at day 3 and median lowering rates ranged from 94.56% to 97.88% from day 28 to day 364 (Figure 4B ). In the goserelin group, median serum LH levels had increased by 108.53% at day 3 and then decreased, and the median lowering rates ranged from 92.36% to 98.59% from day 28 to day 364. Median lowering rates of serum FSH from day 28 to day 364 ranged from 84.66% to 95.32% in the degarelix group and from 65.31% to 87.79% in the goserelin group ( Figure 4C ). Median lowering rates of serum PSA at day 3 were 18.02% in the degarelix group and 1.95% in the goserelin group, with similar transitions after day 56 ( Figure 4D ). The proportion of subjects with serum PSA relapse by day 364 were 2.6% in the degarelix group and 0.9% in the goserelin group, with no apparent differences between groups.
| Safety
In study part 1, AEs were found in 117 (100.0%) subjects in the degarelix group and in 106 (90.6%) subjects in the goserelin group ( Regarding the long-term safety of the maintenance dose of degarelix in part 2, AEs were found in 71 (88.8%) subjects (Table 5 ). The number of subjects with SAEs was 6 (7.5%). Most of the AEs were grade 1 or 2 and the number of subjects with grade ≥3 AEs was 5 (6.3%).
The most common AE in part 2 was injection site pain (n = 44, 55.0%) followed by injection site induration (n = 42, 52.5%) and injection site erythema (n = 26, 32.5%). The most common AE in part 2, as with part 1, was injection site reaction, but its incidence did not tend to increase compared to part 1. On the whole, the types of AEs and incidence found in part 2 were similar to those found in part 1.
| DISCUSSION
For this study, non-inferiority in castration rate and safety of the 3-month formulations of degarelix compared with goserelin were T A B L E 1 Characteristics of in Japanese subjects with prostate cancer (n = 234) evaluated in subjects with prostate cancer. The cumulative castration rate was 95.1% in the degarelix group and 100.0% in the goserelin group. As there were no events in the goserelin group, the original statistical method planned for confirming non-inferiority was considered to be inappropriate, as mentioned above in "Statistics". Hence, additional analyses were carried out using the 95% CI of the difference in the proportion of subjects with castration. Additional analyses showed that the lower limit of the 95% CI of difference between groups exceeded À10% of the predefined non-inferiority margin in 11 of 13 methods. Of the 13 methods, the following four methods were considered to potentially underestimate the CI of the difference of the proportion of subjects with castration due to no event in the goserelin group, and thus were excluded from the evaluation: Wald test using single parameters (method 1), Wald test using multiple parameters (method 2), Hauck-Anderson (method 12),
and Agresti-Caffo (method 13). The lower limit of 95% CI of difference between groups fell below À10% in the EXACT method (7) and in the Newcombe (continuity correction) method (10) . The coverage probability was 0.994 and 0.993 for the EXACT and the Newcombe (continuity correction) methods, respectively, and scores were the highest among the nine methods. These two methods have been reported to tend to calculate an unduly conservative CI. 14 In fact, the coverage probability greatly exceeded the nominal value of 0.95 and the CIs were considered to be overly conservative. With the exception of the six methods mentioned above, the lower limit of 95% CI of difference between groups exceeded À10% in all of the other seven methods. Considering the above, we concluded that the non-inferiority of the 3-month formulation of degarelix to goserelin had been established.
F I G U R E 3
Kaplan-Meier curve of the cumulative castration rate in the full analysis set of Japanese prostate cancer patients treated with degarelix (n = 117) or goserelin (n = 117)
T A B L E 2 Confidence intervals for differences in the proportion of prostate cancer subjects, treated with degarelix (n = 117) or goserelin (n = 117), with castration 
| 1925
Degarelix showed a more rapid decrease in testosterone, LH, FSH, and PSA levels compared with goserelin. Our results showed that degarelix reduced testosterone, LH, FSH, and PSA levels more rapidly with no initial testosterone surge compared with goserelin, which is consistent with previously reported findings. 11, 15 Gonadotropin releasing hormone agonists work by overstimulating GnRH receptors that causes receptor desensitization and, consequently, a reduction in LH, FSH, and testosterone. [16] [17] [18] Testosterone suppression is achieved after an initial LH surge that not only delays the testosterone from Taking into consideration all of the above findings, we concluded that the non-inferiority of the 3-month formulation of degarelix to goserelin was shown to be effective for testosterone suppression and the 3-month formulation of degarelix was tolerated as the ADT for patients with prostate cancer. In the current therapeutic strategy for prostate cancer, long-term survival of ≥10 years is expected for quite a number of patients and ADT has been the mainstay of treatment for prostate cancer. The once-monthly regimen of degarelix, a
GnRH antagonist, has been approved and is widely used in clinical practice. However, a therapeutic option of a 3-month regimen would potentially reduce the mental, physical, and social burden on patients and the labor burden on health-care providers.
This study has several limitations. The number of subjects was calculated to evaluate non-inferiority of degarelix to goserelin without consideration of the evaluation of other end-points. In addition, only Japanese patients who met the eligibility criteria were enrolled and antiprostate cancer therapy other than the study drugs was restricted.
Non-inferiority of the 3-month formulation of degarelix to goserelin was indicated and the 3-month formulation of degarelix can be safely used as the ADT for patients with prostate cancer.
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T A B L E 5 Adverse events (AEs) in Japanese prostate cancer subjects treated with degarelix (n = 117) and goserelin (n = 117): 
